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571 ABSTRACT

In circuits such as voltage regulators and the like where
parasitic currents may be generated as a result of high
frequency ripple on the supply line, means are provided
to cancel the effects of the parasitic current. A capacitor
having a capacitance substantially equal to the parasitic
capacitance is adapted to receive the supply voltage
excursions and generate a current substantially equal to
the parasitic current. A current mirror circuit or the like
is employed to either divert this second current from
the base of the output transistors or to reduce the drive
current to the base of the output transistors by an
amount equal to the second current.

11 Claims, 2_.Dra1#ing Figures




U.S. Pafent  Jul 27, 1982 - 4,341,990




"
”
[

' -
-

' HIGH FREQUENCY LINE RIPPLE
CANCELLATION CIRCUIT

BACKGROUND OF THE INVENTION

1 Field of the Invention =~ J o
~ This invention relates generally to a circuit for mini-
mizing the effects of high frequency line ripple and,
more particularly to a monolithic voltage regulator (or
other circuit which has a similar output configuration)
Including circuitry for cancelling. the effects of hlgh
frequency line ripple. O -

2. Deserlptlon of the Prior Art

It is desirable that circuits such. as voltage regulatorsk

and the like be. characterlzed by an output which has
high frequency immunity from input supply variations.
That is, the output voltage V,,; should be constant
irrespective of high frequency variations in the supply
voltage (V cc). Unfortunately, high frequency AC. vari-
ations (ripple) will appear at the output due to these
high frequency. supply variations and parasitic capaci-
tances such as the collector-base capacitance of the
output transistors.

SUMMARY OF THE INVENTION

It 1S an ob_]ect of the present invention to prowde a
circuit for minimizing high frequency supply voltage
rlpple | S
It is a further object of the present mventlon to pro-
vide an improved voltage regulator wherein the cur-
rents contributed by the parasitic capac1tance are effec-
tively cancelled so as to render the circuit.output sub-
stantially immune from high frequency supply voltage
ripple. | -

According a ﬁrst aspect of the 1nvent10n there is
provided a circuit for cancellmg parasitic current at a
node due to. voltage excursions across a first capaci-
tance coupled to said node, comprising: capacitive
means responsive to sald voltage excursions.for generat-
ing a first current substantially equal to said parasitic
current; and means coupled to said capacitive means
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circuit which comprises current source 10, output tran-
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tion circuit. used in conjunction with a voltage regula-

tor,and

FI1G. 2 1s a schematic dlagram of a second embodi-
ment. of the inventive hlgh frequency supply ripple
cancellation circuit used in conjunction with a voltage
,regulator

DESCRIPTION OF THE PREFERRED
~* EMBODIMENT =~

FIG 1 1llustrates, in part, a typical voltage regulator

sistors 12 and 14, output terminal 16 which is coupled to
the emitter of transistor 14, a voltage divider circuit
Jncludlng resistors 18 and 20 for generating a voltage at

.node 22 which is proportional to the output voltage,

stabilizing capacitor 52, a terminal 28 for receiving a
reference. voltage (V,) and a comparator lncludmg
transistors 30 and 32 and current sink 34 for comparing
the voltage at node 22. with the voltage at node 28.

The circuit operates as follows. Current source 10
coupled between the supply voltage Ve and the base
of transistor 12 provides base drive to transistor 12
which has a collector coupled to Ve and an emitter
coupled to the base of transistor 14. Thus, when transis-
tor 12 turns on, it drives transistor 14 which also has a

“collector coupled to V¢c. Current flowing through the

emitter of transistor 14 flows through resistors 18 and 20
to set up a voltage at node 22 which represents an indi-
cation of the output voltage V,,;. This is applied to the
base of transistor 32 which has an emitter coupled to
current sink 34 and a collector coupled back to the base
of transistor 12, As stated previously, a referance volt-

' age appears at node 28 which is applied to the base of
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and to said node for substantially cancelling the net

current at said node due to said voltage excursions.
According to another aspect of the invention there is

provided a voltage regulator circuit, comprising:. tran-
sistor output means adapted to receive a supply voltage

and generating therefrom an output voltage, said tran-
sistor means having associated therewith a parasitic
capaclitance which causes a parasitic current to flow
Into said transistor means due to voltage excursions in
said supply voltage; comparing means for comparing a
voltage representative of said ‘output voltage with a
reference voltage and for controlling current:flowing
into said transistor -means so as to.adjust said output
voltage; capacitive meanshaving a capacitance substan-
tially equal to said parasitic capacitance and adapted to
receive said supply voltage excursions for generating. a
second current substantially equal to said parasitic cur-
rent; and means for cancelling said parasitic current.
The above and other objects, features.and advantages
of the present invention will be more clearly understood
from the following detailed. descrlptlon taken in con-
junction with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic d1agram of a ﬁrst embodlment-;
of the inventive high frequency supply ripple cancella-
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transistor 30. Transistor 30 has a collector coupled to
+Vj.and an emitter coupled to current sink 34. In this
manner, the voltage being generated at node 22 may be
compared with the reference voltage at node 28.

It should be apparent, that as the voltage at node 22
increases above the reference voltage at node 28, tran-
sistor- 32 will turn on harder causing base drive to be
diverted from the base of transistor 12 through current
sink 3. When this occurs, the drive to output follower
transistor 14 is reduced thus reducing its emitter current
and causing the output voltage to fall. If, on the other
hand, the voltage at the output voltage were to fall to a
point where the voltage at node 22 were lower than the
reference voltage at node 28, transistor 32 would con-
duct less current thus permitting more base drive to be
supplied to the base of transistor 12. This would in turn
increase base drive to transistor 14 causing the output
veltage (Vouz) to rise. The capacitance (C) of capacitor
52 is multiplied by the gain (A) of differential transistor
pair (30 and 32) and effectively appears at node 22 as
A.C. This creates the dominant RC time constant of the
feedback loop:for frequency stability. Unfortunately, it
prevents the regulator from reacting to rapid changes in
current at node 46. -

A problem arises with this circuit due to the well-
known parasitic capacitance which exists between the
collector and base terminals of a transistor such as is
shown at 36. The current through a capacitor equals
C(dv/dt) where C is the capacitance and dv/dt is the
voltage change across.the capacitor. If high frequency
ripple appears on V¢, dv/dt will be very high and the
current Icp which 1s applied to the base of transistor 12
will also be high. This high frequency current compo-
nent applied to the base of transistor 12 is not compen-
sated for by the relatively slow negative feedback loop.
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Thus; it 1s multiplied by the gain of transistor 12 and
then applied to the base of transistor 14 and then multi-
plied by the gain of transistor 14. As a result of these
multiplications, a substantial excursion-in the output
voltage (Vi) will occur at terminal 16. ’

To avoid the problem caused by rapld increases in
supply voltage, a capamtor 38 and . a current mirror
circuit is provided of the type, for example, which in-
cludes a diode 40 and a transistor 42. Capacitor 38 is
chosen to be substantially equal in value to that of para-
sitic capacitance 36 and is coupled between the source
of supply voltage Vccand the current mirror circuit;
i.e., the anode of diode 40 and the base of transistor 42.
The collector of transistor 42 is coupled back to the base
of transistor 12. Both the emitter of transistor 42 and the
cathode of diode 40 are coupled to ground.

As stated previously, a high frequency positive going
excursion in the supply voltage will cause a current Icp
to flow into node 54. If capacitor 38 is properly chosen
to be equal to the parasitic capacitance, a current equal
to Icp (Icg') will flow through capacitor 38 into the

current mirror circuit. This will cause current 15’ to

also flow into the collector of transistor 42 due to the
current mirroring action-of diode 40 and transistor 42.
Thus, even though an unwanted current Icp is flowing
Into node 54 as a result of parasitic capacitance 36, an
equal current (Icg’) 1s drawn away from node 54 thus
substantially cancelling the parasitic effect and prevent-
ing any increase in the base current of transistor 12.
FI1G. 2 illustrates a second embodiment of the inven-
tion used in conjunction with a voltage regulator. Like
elements in FIGS. 1 and 2 perform similar functions and
will not be further described. In FIG. 2,.the unwanted
parasitic current I¢p is assumed to flow into or out of
the base of transistor 12 due to an increasing or decreas-
ing supply voltage. This parasitic current is cancelled
by means of the additional circuitry shown; i.e.; diode
46, transistors 44 and 48, and current sink 50. As is
shown in FIG. 2, capacitor 38 is now coupled between
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Ve and the emitter of transistor 48. The collector of 40

transistor 48 1s coupled to the base of transistor 44 and
to the cathode of diode 46. The base of transistor 48
‘may be coupled to any voltage sufficient to keep transis-
tor 48 1n the active region. For simplicity, this is shown

as + V3. The emitter of transistor 44 is coupled to Ve 45
and its collector is coupled to the base of transistor 12. -

The current which flows through diode 46 is mirrored

to flow through tran51stor 44 into the base of tranmstor
12.

~ through capacitor 38 (I1cp’) which is substantially equal
to Icp flowing through capacitor 36 as described previ-
ously. This additional current I¢cg’ flows into node 52.
'This means, of course, that the current flowing through
diode 46 into the collector of transistor 48 must-be re-
duced by an amount Icg" and due to the current mirror
action of diode 46 in conjunction with transistor 44, the
current flowing in the collector of transistor 44 is also
reduced by an amount Icp’. While the current compo-
nent Icp flowing through transistor 36 is not diverted
away from the base of transistor 12, the current flowing
through transistor 44 which normally drives transistor
12 1s reduced by an amount substantially equal to the
parasitic: current. Therefore, the sum of the parasitic
current and the collector current 44 is zero at node 54
and thus no net effect will occur at the cutput of the
circuit. It should be noted that the above description
applies for rapid decreases in supply voltage; i.e. a para-

When Ve 1s increased rapidly, a current flows
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sitic current Icp. flows out of node 54 which is equal and

opposite to the increase in collector current of tran51stor

44 flowing into node 54.

The above description is given by way of example
only. Changes in forms and details may be made by one

skilled in the art without departing from the scope of
the invention.

I claim:

1. A circuit for minimizing the effects of parasitic
current flowing into or out of the base of a first transis-
tor as a result of supply voltage excursions across the
base-collector parasitic capamtance of said first transis-
tor, comprlsmg -
capacitive means adapted to receive said supply volt-

age excursions for generating a first current sub-

stantially equal to said parasitic current; and

means coupled to said capacitive means and to said
transistor and responsive to said first current for
cancelling the parasmc current at the base of said
first transistor.

2. A circuit according to claim 1 wherein said capaci-

tive means comprises a capacitor adapted to be coupled

between a supply voltage and said means for cancelling.

3. A circuit according to claim 2 wherein said means
for cancelling comprises a current mirror circuit cou-
pled between said capacuwe means and said first tran-

sistor.

4. A circuit according to claim 3 wherein said means
for cancelling comprises a current mirror circuit which
causes a current to flow into the base of said first transis-
tor which is reduced by an amount equivalent to said

~ first current.

5. A circuit

for minimizing the effects of parasitic current flowing
into or out of the base of a first transistor as a result
of supply voltage excursions across the base-collec-
“tor parasulc capacitance of said first transistor,
comprising: : | o

a capacitor adapted to receive said supply voltage
excursions for generating a first current substan-
tially equal to said parasitic current;

a current mirror circuit coupled between said capaci-
tor and said first transistor and responsive to said
first current for cancelling the parasitic current at
the base of said first transistor, said current mirror
circuit comprising;

a second transistor having a collector coupled to the
base of said first transistor, an emitter coupled to
ground and a base coupled to said capacitive
means; and

a diode hawng an anode coupled to said capacitive
means and a cathode coupled to ground, said first

~current being mirrored into the collector path of
‘said second transistor to divert said ﬁrst current
from the base of said first transistor.

6. A circutt for cancelling parasitic current at a node

due to voltage excursions across a first capacitance

coupled to said node, comprising:
capacitive means responsive to said voltage excur-
sions for generating a first current substantially
equal to said parasitic current; and |
means coupled to said capacitive means and to said
‘node for substantially cancelling the net current at
said node due to said voltage excursions.
7. A circuit-according to claim 6 wherein said capaci-
tive means 1s a capacitor coupled SO as to receive sald
voltage excursions. - |
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8. A circuit according to claim 7 wherein said means

for cancelling comprises a current mirror circuit: cou-

pled between said capacitor and said node for receiving

said first current and for pulling a second currerit from

said node, said second current being substantially gqual
to said first current. |
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9. A circuit according to claim 7 wherein said means

for cancelling comprises a current mirror circuit cou-
pled between said capacitor and said node for generat-
ing a third current which flows into said node, said third
current being reduced by an amount equivalent to said
first current. |

10. A circuit |

for cancelling parasitic current at a node due to volt-
age excursions across a first capacitance coupled to
said node, comprising: -

a capacitor coupled so as to receive said voltage ex-
cursions for generating a first current substantially
equal to said parasitic current; |

a current mirror circuit coupled between said capaci-
tor and said node for receiving said first current
and for pulling a second current from said node,
said second current being substantially equal to
said first current, said current mirror circuit com-
prising; |
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a first transistor having a collector coupled to said
node, an emitter coupled to ground and a base
coupled to said capacitor; and

a diode having an anode coupled to the base of said
first transistor and a cathode coupled to ground.

11. A voltage regulator circtit, comprising:

transistor output means adapted to receive a supply
voltage and generating therefrom an output volt-
dge, said transistor means having associated there-
with a parasitic capdcitance which causes a para-
sitic current to flow into said transistor means due
to voltage excursions in said supply voltage;

- comparing means for comparing a voltage represen-

tative of said output voltage with a reference volt-
age and for controlling current flowing nto said
transistor means so as to adjust said output voltage;

capacitive means having a capacitance substantially

equal to said parasitic capacitance and adapted to
receive said supply voltage excursions for generat-
ing a second current substantially equal to said
parasitic current; and

means coupled between said transistor output means.

and said capacitor means for cancelling said para-

sitic current.
% *. E 3 - *
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